Estimates of responder cell frequency (RCF) based on limiting dilution analyses are laborious, and alternative means to quantitate cell-mediated immunity to immunogens are desirable. It was shown that levels of interleukin (IL)-2 in the supernatant of varicella-zoster virus -stimulated blood lymphocytes from immune adults peaked at 48 h of culture and correlated partially with estimates of RCF (r Å .74, P Å .003). Levels of g-interferon, IL-4, and IL-10 increased through the first 4 days of culture, and g-interferon levels showed some correlation with peak IL-2 levels (r Å .48, P Å .03). Nevertheless, correlations between levels of these cytokines and RCF did not reach statistically significant levels.
Cell-mediated responses to varicella-zoster virus (VZV) are subset specialization in cytokine production [4] . Our previous studies showed a weak correlation between the responder cell in part mediated by cytokines released by mononuclear phagocytes, NK cells, and T lymphocytes [1] . These cytokines regufrequency (RCF) and g-IFN production, raising the possibility that the rather cumbersome limiting-dilution assays could be late many cell surface recognition molecules and affect the recruitment of inflammatory cells into an area of infection;
replaced by cytokine assays. To explore this possibility, we measured supernatant concentrations of g-IFN and IL-4 as thus, they are likely to play a pivotal role in the expression of cell-mediated immunity. Human blood lymphocytes make a cytokines representative of Th1 and Th2 responses, respectively. IL-2 was measured as an index of T cell activation and range of cytokines in tissue culture following mitogen and antigen stimulation; we previously analyzed VZV-stimulated IL 10 as an example of a down-regulatory Th2 type cytokine. These cytokine levels were compared with the RCF as estilimiting-dilution cultures to show that cells making g-interferon (g-IFN) greatly outnumbered those making interleukin mated by a simple limiting-dilution assay, using blood from healthy VZV-immune donors. (IL)-4 [2] . Few if any VZV-specific T cells made both cytokines. Tests of proliferation by blood lymphocytes can provide evidence for specific cell-mediated immunity, and when set up Materials and Methods in a limiting-dilution format, they give an approximation of the frequency of T cells that respond [3] . Proliferation assays Blood was obtained from 24 healthy subjects who were 20-75 do not, however, distinguish between the subsets of T cells years old. All subjects had had chickenpox §15 years earlier, and that may respond to antigen. Whether the quantity of cytokine none had had herpes zoster. Serum was obtained from 10 mL of accumulating in tissue culture supernatants can be related to 
Results
with time as the absolute results but with a substantially reduced standard deviation. Supernatant cytokines, days 1 -4. There was, as expected, Regression analysis yielded significant correlations between substantial individual variation in the absolute levels of cyto-IL-2 levels at 48 h and RCF (r Å .74, P Å .003, figure 3 ). The kines in the supernatants of the control and VZV antigenamount of g-IFN on day 4 correlated with the levels of IL-2 stimulated cultures. Figure 1 shows the results expressed as at 48 h (r Å .48, P Å .03). There were no significant correlations the VZV-stimulated increment in cytokine concentration. Debetween levels of IL-4 or IL-10 and RCF. spite the very large standard deviations, several trends are apparent. The IL-2 levels show a statistically significant increase Discussion for the first 48 h of culture (P õ .05), and then they fall on days 3 and 4. The levels of g-IFN, IL-4, and IL-10 increased
We and others [5 -7] have previously measured cytokines in significantly (P õ .001) during the 4 days of culture that were the supernatants of VZV-stimulated blood lymphocyte cultures studied.
after 6 -10 days of incubation. When these analyses have been Correlations between cytokines and RCF. Correlations beaccompanied by tests for T cell proliferation, they have shown tween the absolute levels of individual cytokines or with RCF clear qualitative correlations between response, as measured did not reach statistically significant levels. A likely contributby thymidine uptake, and the production of g-IFN. Quantitative ing factor was the variation between levels of baseline and correlations between counts of tritiated thymidine uptake and VZV-stimulated cytokines for individuals. To reduce this the concentration of cytokine in the culture medium have not source of variation between individuals, we expressed cytokine been reported. The time interval between initiating and harvestlevels in VZV-stimulated cultures as a percent of the correing the cultures may contribute to the variation by allowing, for example, for additional cells to be recruited into a response. sponding control. The results (figure 2) showed the same trends The present series of experiments was undertaken to look at results from binding of this cytokine to IL-2 receptors on activated T cells [6] . The levels of the other measured cytokines the early phases for cytokine response, specifically days 1 -4 of culture. Our results show that IL-2 levels peak during the first increased throughout the 4 days of culture, presumably because they were not consumed by the cells in the culture. The actual 2 days of culture. The subsequent fall in IL-2 levels presumably 
